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Hydrogen peroxideThe aim of this work was to study the antioxidant activity and the protective effect of 2′,4′-dihydroxy-6′-
methoxy-3′,5′-dimethylchalcone (DMC), the main compound from the buds of Cleistocalyx operculatus, on
human umbilical vein endothelial cells against cytotoxicity induced by H2O2. The antioxidant activities of DMC
weremeasured by ABTS assay, ferric reducing antioxidant power (FRAP) and hydroxyl radical scavenging activ-
ity, and protective effects of DMC on human umbilical vein endothelial cells against cytotoxicity induced byH2O2
were tested. DMCwas found to have high ABTS radical scavenging activity (176.5±5.2 μmol trolox equivalents/
500 μmol DMC) and strong ferric reducing antioxidant power (213.3±5.8 μmol trolox equivalents/500 μmol
DMC). In addition, DMC scavenged the hydroxyl radicals, with IC50 values of 243.7±6.3 μM, slightly lower
than the reference antioxidant ascorbic acid (ASC). Moreover, DMC could protect the human umbilical vein en-
dothelial cells against H2O2-induced cytotoxicity by decrease intracellular and extracellular ROS levels, reduction
in catalase (CAT) activity and increment inmalondialdehyde (MDA) level. These results suggested that DMC has
the potential to be used in the therapy of oxidative damage.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Reactive oxygen species (ROS), which include singlet oxygen, su-
peroxide, peroxyl radicals, hydroxyl radicals and peroxynitrite, are
various forms of activated oxygen (Dina et al., 2009; Gulcin et al.,
2002). In small amounts, these ROS can be beneﬁcial as signal trans-
ducers (Finkel, 1998) and growth regulators (Hancock et al., 2001).
However, during oxidative stress, large amounts of these ROS can
be produced and it has been reported that ROS largely contribute to
cellular aging, mutagenesis, carcinogenesis, cardiovascular disease,
diabetes and neurodegeneration (Bagchi et al., 2000; Harman, 1980;
Moskovitz et al., 2002; Sasaki et al., 1996). Hence, exogenous antiox-
idants are constantly required to maintain an adequate level of anti-
oxidants in order to balance the ROS.
In the healthy organs, it is important for the endothelial epitheliums
to remain the ability of proliferation. Endothelial dysfunction is an early
event in atherosclerotic diseases (Ross and Glomset, 1986). It is
reported that increased ROS were linked to an important mechanism
that contributes to endothelial dysfunction (Foncea et al., 2000). So,
the human umbilical vein endothelial cells were used to study the effect
of antioxidants. To prevent or diminish ROS-induced damage, investiga-
tors have evaluated compounds extracted from plants that could: +86 571 85070378.
by Elsevier B.V. All rights reservedprevent ROS generation and reduce endothelial damage. In particular,
interest has intensiﬁed in the ﬂavonoid compounds present in normal
human diet and in many folk medicines still in use. These compounds
are known to possess the ability to scavenge free radicals (Husain et
al., 1987; Süzgeç-Selçuk and Birteksöz, 2011; Teffo et al., 2010; Torel
et al., 1986). Furthermore, the redox properties of ﬂavonoids allow
them to act as reducing agents and, in some cases, as chelating agents
for transition metals (Rice-Evans and Miller, 1996). Total ﬂavonoids
and rutin, an active ﬂavonoid compound, have also been demonstrated
to be protective effects on endothelial cells through regulating reactive
oxygen species (Bo et al., 2012; Gong et al., 2010).
Cleistocalyx operculatus (Roxb.) Merr. et Perry (Myrtaceae) is a
well-known medicinal plant, the buds of which are commonly used
as an ingredient of tonic drinks in Southern China. A water extract
of the buds of C. operculatuswas reported to increase the contractility
and decrease the frequency of contraction in an isolated rat heart per-
fusion system (Woo et al., 2002). Our previous phytochemical studies
of the species has led to the characterization of sterol, ﬂavanone,
chalcone and triterpene acid from its buds (Ye et al., 2004a). In our
previous study, 2′,4′-dihydroxy-6′-methoxy-3′,5′-dimethylchalcone
(DMC) (Fig. 1), the main compound from the buds of C. operculatus,
has been proven to exhibit an anti-tumor effect both in vitro and in
vivo (Ye et al., 2004b, 2005). However, the ROS scavenging activity
of DMC has not been tested. In this paper, we investigated the antiox-
idant activity and the protective effect of DMC on human umbilical
vein endothelial cells against cytotoxicity induced by H2O2 in vitro..
Fig. 1. Structure of 2′,4′-dihydroxy-6′-methoxy-3′,5′-dimethylchalcone.
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2.1. Materials
2′,4′-Dihydroxy-6′-methoxy-3′,5′-dimethylchalcone (DMC) was
isolated from C. operculatus in our laboratory, as described by Ye et al.
(2004a). Previous experiments have shown that the purity of the ex-
tract is above 96% (HPLC and spectral analysis). The structure of the
compound is shown in Fig. 1. 2-Deoxy-d-ribose, α-tocopherol (TPH)
was purchased from Fluka Biochemika AG (Buchs, Switzerland);
ethylenediamine tetraacetic acid (EDTA), trichloroacetic acid (TCA),
thiobarbituric acid (TBA), Trolox (2,5,7,8-tetramethylchroman-2-
carboxylic acid), ABTS (2,2′-azinobis(3-ethyl-benzothiazoline-6-sulfonic
acid) diammonium salt), TPTZ (2,4,6-tripyridyl-s-triazine), 6-catboxy-
2′,7′-dichloro dihydroﬂuorescein (CDCFH), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazoliumbromide (MTT) and ascorbic acid (ASC)
were obtained from Sigma-Aldrich (St Louis, MO, USA). Bovine serum
(BS) and Rosewell Park Memorial Institute (RPMI) 1640 medium were
purchased from Life Technologies, Inc. (Gaithersburg, MD, USA). All
other reagents were of analytical grade.
2.2. Radical scavenging activity on ABTS
The free-radical-scavenging activity of DMC was measured using
ABTS by the method of Re et al. (1999). Stock solution of ABTS radical
was prepared by reacting ABTS (7 mM in water) solution with potassi-
um persulfate (2.45 mM ﬁnal concentration) and allowing this mixture
to stand in dark at room temperature for 12–16 h before use. The stock
solution of ABTS was diluted just before use to an absorbance of 0.70
(±0.02) at 734 nm. In 30 μL of different concentrations (3.125–25 μM)
of the compound, 3 mL of diluted ABTS was added, and mixed well
and the absorbance was read exactly 5 min after initial mixing. All
tests were performed in triplicate. The percentage inhibition was calcu-
lated against the trolox standard graph.
2.3. Antioxidant capacity determined by ferric reducing antioxidant
power (FRAP)
The ferric reducing ability of DMC was measured colorimetrically
according to the method developed by Benzie and Strain (1996)
with somemodiﬁcations. A 2.5 mL volume of different concentrations
of the compound (3.125, 6.25, 12.5 and 25 μM) was mixed with
2.5 mL phosphate buffer solution (0.2 M, pH=6.6) and 2.5 mL of
1% potassium ferriccyanide [K3Fe(CN)6] in test tubes. The mixture
was placed in a water bath of 50 °C, for 20 min. A volume of 2.5 mL
of 10% trichloroacetic acid (TCA) was added to the mixture and
mixed thoroughly. A volume of 2.5 mL of this mixture was then
mixed with 2.5 mL distilled water and 0.5 mL FeCl3 of 0.1% solution
and allowed to stand for 10 min. Readings of the colored product
were then taken at 593 nm. All experiments were performed in trip-
licate. Trolox standard solution was used to perform the calibration
curves. FRAP values were expressed in μmol trolox equivalents per
500 μmol DMC.2.4. Determination of hydroxyl radical scavenging activity using the
deoxyribose assay
The deoxyribose assay for hydroxyl radical scavenging activity
was performed as described previously by Kiplimo et al. (2012). A
mixture of 2-deoxyribose (5.6 mM, 500 μL), FeCl3 (0.1 mM, 100 μL)
and EDTA (0.1 mM, 100 μL), H2O2 (1 mM, 100 μL), 100 μL of sample
(concentrations ranging from 3.125 to 25 μM), 500 μL of 50 mM po-
tassium phosphate buffer (pH 7.4) and 100 μL of vitamin C (1 mM)
was made and incubated for 30 min at 50 °C. The FeCl3 and EDTA
was mixed prior to combining the other reagents. A solution of
thiobarbituric acid (TBA) (1 mL, 1% w/v) and trichloroacetic acid
(TCA) in aqueous solution (1 mL, 2.8% w/v) was added, and the mix-
ture was heated for 30 min in a water bath at 50 °C. The absorbance
of the amount of chromogen produced was measured at 532 nm.
The hydroxyl radical scavenging activity (percentage inhibition
rate) was calculated according to the equation as follows:
% Scavenging activity ¼ Ac−Asð Þ=Ac½   100
where Ac=Absorbance of control and As=Absorbance of sample.
All tests were performed in triplicate and the graph was plotted
from the average of three determinations.
2.5. Cell and cell culture
Human umbilical vein endothelial cells (ECV-304) was purchased
from the Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China) and were cultured in Rosewell Park
Memorial Institute (RPMI) Medium 1640 and 10% dialyzed heat-
inactivated bovine serum (BS) at 37 °C in a humidiﬁed atmosphere
of 95% air and 5% CO2.
2.6. Measurement of cell viability
Cell survival was evaluated by the MTT assay. The MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) col-
orimetric assay was performed as described by Mosmann (1983).
DMC was dissolved in DMSO. The control cells were treated with
the same amount of vehicle alone. The ﬁnal DMSO concentration
never exceeded 0.1% (v/v), in either control or treated samples. Previ-
ous experiments have shown that DMSO at this concentration does
not modify the cellular activities that we were analyzing.
ECV-304 cells were placed within 96-well culture plates
(104 cells/well). After 12 h of culture, the cells were treated with
DMC ranging from 3.125 to 25 μM for 8 h, and then, 150 μM H2O2
was added to the medium and incubated for 3 h. After that, the super-
natant were discarded, and then, the cells were grown in 100 μL of
MTT (0.5 mg/mL, dissolved in RPMI 1640 and ﬁltered through a
0.22 μm membrane) at 37 °C. After 4 h, the formazan crystals were
dissolved in 150 μL of DMSO, and the absorption values were mea-
sured using an automated microplate reader (Bio-Rad 550) at
550 nm (Bio-Rad Laboratories, Hercules, CA, USA), using TPH as the
reference compound. All tests were performed in triplicate.
2.7. In situ detection of cellular oxidative stress
Treatment of ECV-304 cells with antioxidants and H2O2 was car-
ried out in the same way as done for the cell viability assay. Then
after the designated time, cells were rinsed twice with PBS and incu-
bated in phenol red-free RPMI1640 containing 10 μM 6-carboxy-2′,7′-
dichlorodihydroﬂuorescein (CDCFH) at 37 °C for 60 min (Seida et al.,
1984). The medium was transferred into another new microplate to
quantify the extracellular oxidative stress, and the phenol red-free
fresh medium was added to the plate well for measurement of the in-
tracellular oxidative stress. The ﬂuorescence intensity was measured
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Co., Waltham, MA, USA) with excitation and emission wavelengths of
485 nm and 538 nm, respectively. TPH was used as reference com-
pound. All tests were performed in triplicate.
2.8. Malondialdehyde (MDA) and catalase (CAT) assays
Treatment of ECV-304 cells with antioxidants and H2O2 was
carried out in the same way as done for the cell viability assay. For
harvesting the ECV-304 cells were washed two times with PBS, then
scraped from the plates into ice cold PBS (0.1 M, containing
0.05 mM EDTA) and homogenized. The homogenate was centrifuged
at 4 °C at 10,000×g for 30 min. The resulting supernatant was stored
at −20 °C until MDA and CAT assays. Protein content was measured
according to Bradford (1976), using bovine serum albumin (BSA) as
the standard.
The content of MDA was determined by using the thiobarbituric
acid (TBA) method (Yagi, 1976). Two volumes of 2-thiobarbituric
acid reagent (0.375%, 2-thiobarbituric acid, 15% trichloroacetic acid,
0.25 M HCl, 0.1 mM EDTA) were added to the cell samples and boiled
at 100 °C for 40 min, and after cooling and centrifugation at 3000 ×g
for 10 min, the absorbance of each supernatant was measured at
532 nm.
CAT activity was measured according to the method of Beers and
Sizer (1952) in 50 mM PBS (pH 7.0) using 50 mM H2O2 as substrate.
The decomposition of H2O2 was monitored by measuring the change
in absorbance at 240 nm for 3 min. One unit of activity corresponds
to the loss of 1 μM H2O2 per min.
2.9. Statistical analysis
Data are reported as the mean±s.d. of three measurements. The
scientiﬁc statistics software GraphPad Prism 3.03 was used to evaluate
the signiﬁcance of differences between groups. Comparisons between
groups were done using the Kruskal–Wallis test followed by Dunn's
post hoc test. pb0.05 was regarded as signiﬁcant. The IC50 (the con-
centration of antioxidant at which 50% of the reaction was inhibited)
was determined using the statistics program SPSS for Windows, ver-
sion 13.0.
3. Results
3.1. Antioxidant activity
DMC was subjected to in vitro tests to evaluate its antioxidant
activity. In particular, we carried out three tests: the ABTS scavenging
test, the assessment of ferric reducing ability and a deoxyribose assay
for hydroxyl radical scavenging activity. The results of the antioxidant
activity of DMC are presented in Table 1.
ABTS radical is commonly used to evaluate antioxidant capacity due
to its relatively stable radical, easy measurement, good reproducibility,
and economic efﬁciency. Table 1 showed that the ABTS value of the
compoundwas 176.5±5.2 μmol trolox equivalents/500 μmol for DMC.
The FRAP assay was also used to determine the reducing power of
DMC. The FRAP assay is commonly used for the analysis of a single
antioxidant and the total antioxidant activity of plant extracts. ThisTable 1
Results of antiradical ABTS assay, ferric reducing antioxidant power and degradation of
deoxyribose assay of DMC and ASC.
Compounds ABTSa FRAPa Deoxyribose, IC50 (μM)
DMC 176.5±5.2 213.3±5.8 243.7±6.3
ASC 210.3±4.7
a Expressed as μmol trolox equivalents/500 μmol for DMC.method measures the absorption change that appears when the
(2,4,6-tri-pyridyl-s-triazine)-Fe3+ complex (TPTZ-Fe3+) is reduced to
the TPTZ-Fe2+ form in the presence of antioxidants. An intense blue
color, with maximum absorption at 593 nm, develops (Pulido et al.,
2000). The FRAP value of the chalcone was determined to be 213.3±
5.8 μmol trolox equivalents/500 μmol for DMC.
The deoxyribose assay allows assessment of abilities of compounds
to exert pro-oxidant action, scavenge hydroxyl radicals generated by
Fenton systems, and assessment of abilities to chelate metal iron
(Aruoma, 2003). As can be seen from Table 1, the IC50 value of hydroxyl
radical scavenging activities of DMC was 243.7±6.3 μM, slightly lower
than the reference antioxidant ASC (210.3±4.7 μM).
3.2. DMC protected ECV-304 cells against H2O2-induced cytotoxicity
To determine whether DMC can prevent cytotoxicity induced by
H2O2 on ECV-304 cells, the cell viability of ECV-304 cells, measured
by the MTT reduction assay. The viability of cells exposed to 150 μM
H2O2 for 3 h without antioxidant pretreatment was 46.3±1.6% of
the control value, while viabilities of cells pretreated with DMC at
12.5 and 25 μM or TPH at 25 μM for 8 h signiﬁcantly elevated the
cell viability of ECV-304 cells treated with H2O2 to 79.4±2.6%,
85.3±2.8% and 82.7±2.7%, respectively (Fig. 2). Moreover, DMC at
these concentrations alone did not cause any apparent effects on
ECV-304 cells (data not shown).
3.3. Protective effect of DMC on the oxidant levels in ECV-304 cells
To further investigate the cytoprotective effects of DMC against
H2O2-induced damage in ECV-304 cells, dichlorodihydroﬂuorescein
derivative as a redox indicator by ﬂuorometry using CDCFH was
quantiﬁed. CDCFH taken up into cells is esterolyzed to be membrane
impermeable, and oxidized to produce highly ﬂuorescent CDCF pri-
marily by H2O2, hydroxyl radicals and diverse peroxides.
After loading with CDCFH, DMC achieved a decrease both in the in-
tracellular and extracellular ROS levels in a dose-dependent manner.
The ROS levels in cells treated with DMCwhether intracellular or extra-
cellular were lower than those of the control group (treated with H2O2
alone). The extracellular ROS levels decreased to 40.7±2.5% and 44.0±
2.1% of control group at a concentration of 25 μM of DMC or TPH, re-
spectively (Fig. 3a), while the intracellular ROS levels decreased toFig. 2. Cell protective effect of DMC on H2O2-induced cytotoxicity on ECV-304 cells.
Cells were pretreated with 3.125–25 μMDMC or 25 μMTPH for 8 h and then incubated
in the presence of 150 μM H2O2 for 3 h. The viability of control group was deﬁned as
100%. Data are mean±s.d. of three measurements. #pb0.05 between control group
and zero group. *pb0.05 between zero group and DMC pretreatment group.
Fig. 3. Effect of DMC on oxidant contents in ECV-304 cells. Treatment of ECV-304 cells
with antioxidants and H2O2 was carried out in the same way as done for the cell viabil-
ity assay. After the designated times, then the redox indicator dye CDCFH was added,
followed by 60 minute redox reaction and subsequent ﬂuorometry with excitation at
485 nm and emission at 530 nm. The viability of zero group was deﬁned as 100%.
Data are mean±s.d. of three measurements. #pb0.05 between control group and
zero group. *pb0.05 between zero group and DMC pretreatment group.
Table 2
Effects of DMC on the content of MDA and the activity of CAT.
Treatment MDA (nmol/mg protein) CAT (U/mg protein)
Control 0.63±0.04 8.3±0.5
H2O2 1.47±0.07 2.9±0.2
H2O2+DMC (3.125 μM) 1.31±0.06 4.2±0.2
H2O2+DMC (6.25 μM) 1.17±0.05 4.9±0.2
H2O2+DMC (12.5 μM) 1.06±0.07a 5.7±0.3a
H2O2+DMC (25 μM) 0.80±0.05a 6.9±0.4a
H2O2+TPH (25 μM) 0.93±0.07a 6.7±0.3a
Conﬂuent cultures in 6-well were cultured in RPMI 1640 medium containing different
concentrations of DMC or TPH for 8 h, respectively, then the cells were treated with
150 μM H2O2 for 3 h. Data are mean±s.d. of three measurements.
a pb0.05 compared with H2O2 group.
39C.-L. Ye et al. / South African Journal of Botany 86 (2013) 36–4049.5±2.3% and 53.6±2.1% of control group at a concentration of 25 μM
of DMC or TPH, respectively (Fig. 3b).
3.4. Effect of DMC on the content of MDA and the activity of CAT in
H2O2-treated ECV-304 cells
Lipid peroxidation is one of the earliest recognized and most exten-
sively studiedmanifestations of oxygen toxicity in biology. In this study,
the MDA level was quantiﬁed by the thiobarbituric acid method. Treat-
ment of ECV-304 cells with 150 μMH2O2 caused the increase of the in-
tracellular MDA level (Table 2), while the treatment of cells with DMC
attenuated the increase in the MDA level in H2O2-treated ECV-304
cells in a dose dependent manner. The MDA level was 0.80±
0.05 nmol/mg protein and 0.93±0.07 nmol/mg protein, respectively,
by the treatment with DMC or TPH at 25 μM.
In addition, ECV-304 cells treated with 150 μM H2O2 caused the
decrease in the activities of CAT (Table 2). However, treatment with
DMC attenuated the decrease in CAT activity in H2O2-treated
ECV-304 cells in a dose-dependent manner. At 25 μM of DMC or
TPH, the CAT activity was 6.9±0.4 U/mg protein and 6.7±0.3 U/mg
protein, respectively.4. Discussion
ROS generated by mitochondria or from other intracellular or ex-
tracellular sites can cause cell damage and initiate various degrada-
tion processes (Davies and Hochstein, 1982). Mild amounts of
oxidative damage may actually stimulate physiological mitochondrial
biogenesis, via the production of superoxide from ubisemiquinone.
However, more severe or more prolonged oxidative damage clearly
induces toxic reactions that can contribute signiﬁcantly to the aging
process (Cadenas and Davies, 2000). In recent years, ﬂavonoids
have attracted the interest of researchers because they show promise
of being powerful antioxidants which can protect the human body
from free radicals (Li et al., 2012; Liu et al., 2011; Peng et al., 2003).
In this work, the antioxidant activity of DMC, the main compound
from the buds of C. operculatus, was determined by measuring its
ABTS scavenging activity, FRAP assay and hydroxyl radicals scaveng-
ing activity. Our results demonstrate that DMC exhibited interesting
ABTS scavenging activity (Table 1).
Many reports demonstrated that the reducing power of the natu-
ral plant extracts might be strongly correlated with their antioxidant
activities (Dorman et al., 2003; Liu et al., 2009). It is necessary to in-
vestigate the reducing power of a natural plant extract to elucidate
the relationship between its antioxidant effect and its reducing
power. The FRAP assay was used to determine the reducing power
of the chalcone. Our result indicated that the FRAP value was
213.3±5.8 μmol trolox equivalents/500 μmol for DMC. From a com-
parison of our results with values reported in the literature, it is inter-
esting that DMC showed the same FRAP value range as the most
active ﬂavonoids and related compounds (Simirgiotis et al., 2008).
Hydroxyl radicals are highly reactive-oxygen species, which are
capable of attacking most biological substrates, e.g. carbohydrates,
DNA, polyunsaturated fatty acids and proteins. The prevention of
such deleterious reactions is highly signiﬁcant in terms of both
human health and the shelf-life of foodstuffs, cosmetics and pharma-
ceuticals (Yi et al., 2008). Therefore, it is considered important to as-
sess the protective ability of the extract against hydroxyl radicals. Our
results showed that DMC has hydroxyl radical scavenging activity.
The hydroxyl radical scavenging activity of DMC was slightly lower
than that of ASC, which is known to be a strong antioxidant.
The endothelial cell plays an important role in physiologic hemosta-
sis, blood vessel permeability, and the response of the blood vessel to
other physiologic and pathologic stimuli (Ota et al., 1987). Pathological
changes in endothelial cells produce vital effects on many cardiovascu-
lar diseases, such as atherosclerosis, and acute coronary syndromes
(Gimbrone et al., 1969). So human umbilical vein endothelial cells is
the most commonly used cell culture model to elucidate mechanisms
of cardiovascular diseases in vitro (Gong et al., 2010; Park et al., 2008;
Potdara and Kavdia, 2009). We chose ECV-304 cells as the cell
model to investigate the possible protective effects of DMC against
H2O2-induced cytotoxicity. H2O2 (150 μM) in a treatment period of
3 h in our experiment resulted in substantial cell loss (Fig. 2). With
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signiﬁcantly prevented and the corresponding intracellular and extra-
cellular ROS levels decreased concurrently by pre-treatment with
DMC (Fig. 3).
MDA is an indicator of lipid peroxidation. Treatment of ECV-304
cells with 150 μM H2O2 caused the increase of the intracellular MDA
level (Table 2), while the treatment of cells with DMC decreased in
the MDA level in H2O2-treated ECV-304 cells. In addition, ECV-304
cells treated with 150 μM H2O2 caused the decrease in the activities
of CAT (Table 2). However, treatment with DMC increased in CAT
activity. At 25 μM of DMC, the CAT activity was 6.9±0.4 U/mg pro-
tein, which was slightly higher than those by TPH at 25 μM, a positive
reference employed in our experiments.
5. Conclusions
The present study demonstrates that DMC exhibits strong antioxi-
dant activities and that it is able to attenuate H2O2-induced cytotoxicity
in human umbilical vein endothelial cells. Since oxidative stress-
induced endothelial cell injury plays a key role in cardiovascular and
cerebrovascular diseases, our ﬁndings suggest that DMC can be promis-
ing as a chemopreventive agent or an adjuvant to the conventional
therapeutic modalities for cardiovascular and cerebrovascular diseases.
Further investigation of its oxidative damage mechanisms and antioxi-
dant activities in vivo will be performed in future studies.
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